There are large quantities of rice husk estimated around 3 million tons as agricultural waste every year in Japan. Air pollutants emitted from exhaust gases of rice husk incineration lead to very important environmental damage, not only because of the influence on global environment and climate, when released into the atmosphere, but also on human health due to the local air pollution. Therefore, it is necessary to effectively utilize the rice husk waste and to reduce the air pollution. We try to develop a new-type air vortex current small-scale combustor which can effectively combust rice husk as biomass energy instead of fossil oil fuel for farming-greenhouses heating during the winter season. In this study, we investigated if rice husk can be fed on the new-type air vortex current small-scale combustor and reduced fossil fuel. The new-type small-scale combustor is able to keep a constant high temperature (about 1000°C) even if the rice husk combustion is not under the best conditions. At the same time, it is also important to evaluate the emission behavior of harmful air pollutants emitted from the rice husk combustion with measuring carbonaceous and ionic composition of suspended particulate matter (SPM) in the exhaust gases from the new-type air vortex current combustor, and to reduce the pollutant emission by controlling the combustion conditions. From the analytical results of the size distribution of carbonaceous composition collected by an air sampler, it is shown that elemental carbon dominated in the coarse Sustainable Chemistry 199 www.witpress.com, ISSN 1743-3541 (on-line) WIT Transactions on Ecology and the Environment, Vol 154,
Introduction
Currently, global warming is become increasingly evident in the global climate. Combustion of fossil fuel is generally admitted as the main responsible for global warming. Though, the use of fossil fuel is expected to increase in the future because of economic development and growth of population in developing countries [1] , hence, the only solution is zero-emission technology, that is, to reduce and minimalize all possible emissions produced by human activities [2] . In order to achieve zero-emissions, it is important to apply a technology to utilize all unused waste biomass [3, 4] .
In Japan, waste biomass and residues produced from agricultural and forestry activities have been unused and mostly being incinerated for disposal, due to its high cost of collection, transport, and storage and also the needs of energy that it implies. Moreover, urgent measures are required to reduce the effects to air pollution from illegal incineration.
It is estimated that around 3 million tons of waste rice husk which is the most common agricultural residue are wasted every year in Japan. Additionally, since rice is the staple food and regular part of the diet for almost half of the world population, an effective utilization of waste rice husk will be an important countermeasure to global warming. For these reasons, in the recent years, there is an increasing demand on the utilization of unused biomass instead of usual fossil oil fuel combustors for farming-greenhouses heating during the winter season. This increase in the demand will make prices to increase. In general, these combustors are small-scale [5] , therefore, the established regulations (e.g. Japanese air pollution control act and waste disposal and public sanitation regulation) cannot apply for this kind of pollution emission control. So far, small-scale combustors are characterized by simplicity on their structure and low cost and hence emit visible black smoke due to their low combustion performance because of the lack of the regulations [6, 7] .
In this study, we investigated if fossil fuel can be substituted by a new-type air vortex current small-scale combustor of the waste rice husk. This new-type combustor is shown in figure 1 . In order to use the waste rice husk samples as the fuel in the new-type air vortex current combustor, we analyzed the chemical composition of the waste rice husk as agricultural waste and investigated its combustion characteristics. Also harmful substances emitted from the rice husk combustion were evaluated by measuring the suspended particulate matter composition on the exhaust, and the reduction possibility of these harmful substances by controlling the combustion conditions was examined. 
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Experimental methods
Composition analysis of rice husk samples as agricultural waste
In this study, six different rice husk varieties were analyzed. The proximate and ultimate analyses of rice husk samples from different producing areas (brands and farms) were carried out according to the Japanese industrial standard (JIS) method of JIS-M8812.
Evaluation method for combustion of the waste rice husk samples
Combustion characteristics of rice husk samples from different producing areas were analyzed by the thermogravimetric/differential thermal (pyrolysis) analysis (TG/DTA), and under the following conditions: about 1.0 mg of sample was heated at a rate of 5 °C min -1 starting from room temperature until 600 °C. The gas flow rate was 250 mL min -1 , clean air was used as carrier gas for combustion.
Combustion control method
A high temperature resistant cylindrical small-scale combustor with a diameter of 20 cm was set up. A fossil oil fuel burner was set in the upper side while the waste rice husk was fed in the lower part. The combustion was started first with oil fuel alone and the rice husk was supplied when the reactor wall reached a temperature over 480 °C. Combustion temperature was monitored with a thermocouple and controlled by the supplied air flow rate. The fossil oil fuel supply was stopped when the small-scale combustor wall reached a temperature around 550 °C and combustion was maintained only by the supply of the waste rice husk samples.
Evaluation of suspended particulate matter (SPM) in exhaust gases
Air sampling method for exhaust gases collection
The air sampling system of exhaust gases is shown in figure 2 . In order to evaluate the suspended particulate matter (SPM) emitted from the combustor, SPM were collected on quartz-fiber filters (80 mm diameter, pallflex prpducts corp, 2500QAT-UP) and Teflon filters (8 mm diameter, pallflex prpducts corp, TX40HI20-WW) using two air samplers which are called the low pressure impactor (LPI: Model LP-20, Tokyo Dylec Corporation). Suspended particulate matter (SPM, separated particle sizes< 0.06, 0.06-0.12, 0.12-0.20, 0.20-0.30, 0.30-0.50, 0.50-0.70, 0.70-1.20, 1.2-2.1 and 2.1-3.5 m) were collected respectively at a flow rate of 23.6 L min -1 for 20 min on each sampling with LPI air samplers. The quartz-fiber filter samples were used for carbonaceous composition analysis and samples, and the Teflon filters were used for ionic composition analysis. Size distribution, characteristics and chemical components of SPM were measured because of the influence on global environment and climate, when released into the atmosphere, but also on human health due to the local air pollution.
Evaluation of carbonaceous composition of SPM in the exhaust gases
In generally, coarse particles of suspended particulate matter (SPM) are mainly having a diameter over 2 m and it unable to instruction in to entering the respiratory tract by the nose, throat, and pharynges. However, fine particles with a diameter under 2 m are able to reach deeper parts of the respiratory system, including the air sacs of the lungs. While particles with a diameter below 0.1 m (or ultra fine particles) are able to break into the alveoli and through the capillary beds reach the blood stream. That suspended particulate matter is formed by carbonaceous material. Therefore it is necessary to analyze the size distribution of carbonaceous composition emitted from the combustion of rice husk. Carbonaceous analysis for elemental carbon (EC) and organic carbon (OC) was based on the IMPROVE method (Interagency Monitoring of Protected Visual Environment) by the thermo-optical carbon analyzer (Model 2001, Thermo/Optical Carbon Analyzer, Desert Research Institute) shown in table 1.
In this method, a 0.503 cm 2 (8 mm diameter) punch aliquot of each air sampling quartz filter was heated at 120ºC (OC1), 250ºC (OC2), 450ºC (OC3), and 550ºC (OC4) in a helium (He) atmosphere, and then at 550ºC (EC1), 700ºC (EC2), and 800ºC (EC3) in an oxidizing atmosphere of 2% O 2 and 98% He. The analysis was repeated two or three times for each air sampling quartz filter for better accuracy.
Evaluation of ionic composition of SPM in the exhaust gases
One fourth of 8 mm diameter Teflon filter was ultrasonically extracted with 50 mL ultrapure water (18.2MΩ milli-Q water ) for 20 minutes, in order to carry the ionic composition analysis of anions (NO 3 -, SO 4 2-, and Cl -) and cations (K + , Na + , NH 4 + , and Ca 2+ ), respectively. All extracts were analyzed using an ion chromatograph (Dionex-100 IC, Japan Dionex Co., Tokyo, Japan) equipped with an electric conductivity detector. Mixed standards of five concentrations within the ranges of 0.1-2.5 ppm (w/v) for anions and 0.05-0.8 ppm (w/v) for cations were used to draw standard calibration curves. The analysis was also repeated two times for each air sampling quartz filter for better accuracy.
Results and discussions
Measurements in the composition of the rice husk
In table 2 are shown the composition analysis for the waste rice husk samples from different producing areas. Regarding the residual ash contents of the waste rice husk slightly below 20% in mass, it was supposed that the waste rice husk is one kind of low-grade fuels, and it should be difficultly to be widely used as fuel [8] . 
Differential combustion characteristics of the different rice husk samples
The thermogram for Miyazaki rice husk (Koshihikari) showed two well-defined peaks of TG/DTA at 320°C and around 400°C ( figure 3) . These results show that this kind of waste rice husk achieves its pyrolysis around 320 °C, where the more volatile components are burned and the carbonized fraction is burned at a higher temperature, around 400°C. This combustion behavior was also confirmed for the other three kinds of rice husk with the peak differences around 20 to 50°C between the different waste rice husk samples produced from various areas (farms or brand). 
Temperature control for the new-type combustor of waste rice husk
In order to reach stabilization in the combustor temperature, the combustor was first heated with the oil burner until the temperature of 550 °C was reached, then the rice husk was fed into the combustor which made the temperature to change. After that, it is waited for the stabilized temperature until about 800 °C in the outer wall and/or about 1,000 °C in the inside of the combustor. Figure 4 shows the variation of the temperature profiles in the outer wall and the inside of combustor and surrounding air in the room. Temperature in the inside of the combustor is stabilized around 970 °C, which is the well-known temperature condition that the harmful substances such as dioxins can be extremely reduced.
In addition, if temperature is controlled at those levels, the generation of thermal-NOx can also be controlled because thermal-NOx is generated at temperatures above 1,100°C. The combustion temperature and the heating energy provided by this new-type combustor is enough for the intended purpose, additionally, it can be achieved with trace levels of harmful substances and less NOx emissions. 
Inside of combustor
Evaluation of exhaust gases from the new small scale combustor
Emission behavior of carbonaceous composition of SPM in the exhaust gases
The analytical results of carbonaceous composition of suspended particulate matter (SPM) in the exhaust gases are shown in figure 5 . EC1 which is mainly generated by biomass burning (combustion) at relatively lower temperatures was found at the highest concentrations in the particle sizes from 1.2-2.1 μm to 2.1-3.5 μm as the coarse particles. OC4 was also determined at the high levels in fine particles (1.2-2.1 μm) and coarse particles. From these results, we can conclude that these combustion conditions of the waste rice husk may also be under incomplete combustion. OC2 includes compounds like levoglucosan and methoxyphenol, which are generated in the pyrolysis of cellulose and lignin, was found at the highest concentrations in the particle sizes below 1.2 μm as the fine particles; levoglucosan is one of the water-soluble organic carbonaceous components and it can contribute to cloud condensation nuclei, and influence on the global warming and climate by the optical properties of such kind of carbonaceous aerosol [9, 10] . 
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Size distribution of organic and elemental carbon composition in exhaust gases.
We consider that in this experiment, the air sampling method for atmospheric aerosol is not able to measure those semi-volatile carbonaceous components which would condensate from gases to particles by partition under cooling down to ambient temperature, and hence the real contribution to atmospheric aerosol may be underestimated. It is necessary to carry out experiments with an improved the air sampling method for the exhaust gases after air dilution in order to cool the exhaust gases down and have a better measurement of the real contribution of the semi-volatile carbonaceous components in the exhaust gases to atmospheric aerosol.
Emission behavior of ionic composition of SPM in the exhaust gases
The analytical results of ionic composition of suspended particulate matter (SPM) in the exhaust gases are shown in figure 6. Ionic concentration results showed that K + had a high concentration in all particle sizes. K + is an important component of biomass burning [11] , since it is used in metabolic growth processes, hence this component is used as a marker for biomass burning (combustion) contribution to atmospheric aerosol. In addition, Clalso showed high concentration in the all particle sizes from combustion of the waste rice husk. Because Clis especially found at higher concentrations during winter seasons; therefore, it is thought to arise from biomass burning of agricultural wastes including waste rice husk. In our further study, we plan to carry out combustion experiments using different biomass fuels, apart from waste rice husk in order to compare the abundance of Clfrom biomass burning of different agricultural wastes. Figure 6 :
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Size distribution of ionic components in exhaust gases.
Conclusion
In our experiments, we evaluated the combustion characteristics of the size distribution of exhaust particles (SPM) when using the several kinds of waste rice husk samples from different producing areas as the biomass fuel used for the new-type air vortex current combustor developed by our laboratories. The waste rice husk was suitable to maintain a combustion temperature above 800 °C. Our results indicate that waste rice husk is able to substitute fossil fuels if we use this new-type combustor. From the analytical results of the size distribution of carbonaceous composition collected by the air sampling system, it is shown that elemental carbon (EC1) dominated in the coarse particles, which are produced by incomplete combustion, and organic carbon (OC2) dominated in the fine particles. Carbonaceous concentrations in the emitted particles can be reduced substantially by highly effective combustion when the combustion conditions of the combustor were improved. As the results of the ionic composition, high concentrations of potassium ion (a tracer of biomass burning) were determined. Combustion temperature control is important to avoid corrosion in the system and the health effects from high concentrations of chloride compounds (ions).
We also have to calculate the better air/fuel ratio in order to reduce the emission of harmful substances [12, 13] and to optimize the fuel/carbon discharge coefficient in order to make the waste rice husk as a renewable energy source for alternate fossil oil fuel in the future.
